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(57)Abstract 

A stent (24) made of a biodegradable copolymer is applied to the exterior surface of an angioplasty balloon (22). Upon be- 
ing positioned at a restricted vessel section (20) a contrast fluid present in the balloon (22) is heated which results in the stent (24) 
being heated. Heating the stent (24) and expanding the angioplasty balloon (22) allows the stent (24) to expand so that it presses 
against the* vessel wall. The balloon (22) is then collapsed leaving the stent (24) in position. 
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BIODEGRADABLE STENT 

BACKGROUND OF THE INVENTION 

The present invention generally relates to the 
implantation of structures in a blood vessel to maintain 
the blood vessel's patency. Specifically it relates to 
the use of a stent to maintain blood vessel patency fol- 
lowing procedure such as angioplasty or atherectomy. 

Obstructive coronary artery disease is one of 
the most serious health problems facing our society to- 
day. This disease is the result of the deposit of fatty 
substances on the interior surface of the walls of the 
arteries. The build-up or lesion of such deposits re- 
sults in a narrowing of the diameter of the artery which 
restricts the blood flow through the artery. This condi- 
tion wherein the artery is narrowed is known as stenosis. 
The lesion may form in any part of the artery. In some 
instances the deposits may form at the intersection be- 
tween two arteries, that is, the section where the two 
arteries form a generally M Y" configuration (e.g. bifur- 
cate, trifurcate, and so on) . 

There have been significant developments in the 
treatment of such obstructive coronary disease in the 
recent past. One such treatment is coronary artery by- 
pass graft surgery. In bypass surgery, a healthy graft 
of a blood vessel is taken from the patient's body (usu- 
ally a vessel from the leg) and used to bypass the dis- 
eased portion of the coronary vessel. Bypass surgery, 
however, is extremely invasive and traumatic to the pa- 
tient . 

Some of the recent developments provide a less 
invasive and less traumatic alternative to bypass sur- 
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gery. Two of these recent developments are known as 
balloon angioplasty and atherectomy procedures . 

Balloon angioplasty is used to open arteries in 
which the blood flow has been significantly reduced by 
the build-up of arteriosclerotic plaques on the interior 
of the artery walls. The angioplasty^ technique consists 
of inserting into the blood vessel a catheter with a 
small -balloon attached at its distal end. The catheter 
is moved along the vessel until it reaches an area where 
the blood flow is impeded by plaque btiild-up. The bal- 
loon portion is then inflated forcing or compressing the 
plaque against the vessel wall. The balloon is then de- 
flated and removed. Since the plaque is compressed, the 
cross-sectioned area of the vessel is increased and the 
treated vessel area experiences improved blood flow. An 
example of a balloon angioplasty device is described in 
"New Passive Perfusion PTCA Catheter" by White et al. 
The article describes a dual chamber balloon catheter. 
Another dual chamber balloon catheter is described in 
U.S. Patent No. 5,047,045 issued to Arney et al. 

Atherectomy is a procedure in which a small 
cutting or grinding tool is attached to the end of a 
small diameter flexible catheter and maneuvered through 
the patient's arterial system to the site of the lesion 
in the diseased artery. When the cutting tool is proper- 
ly positioned, the tool is used to cut and remove the 
deposits from the surface of the diseased artery. 

Although these two procedures provide less 
traumatic alternatives to bypass surgery, they are not 
without complication. It is possible that following 
procedures such as angioplasty or atherectomy, the artery 
or blood vessel may collapse or be susceptible to con- 
striction. In some instances it may also be necessary to 
use "bail-out •» procedures such as repeat angioplasty, 
atherectomy, or placement of a permanent stent, due to 
some type of unexpected complication. 
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For the most part, complications from the an- 
gioplasty procedure occur several months after the proce- 
dure has been completed. At that time approximately one 
third of the treated arteries undergo chronic restenosis, 
a reclosing of the artery at the treated area. In addi- 
tion, a condition known as acute arterial occlusion may 
result. Acute arterial occlusion is usually caused by an 
obstructive dissection of the arterial intima or inner 
lining. Following balloon angioplasty, the intima may be 
disrupted and may collapse into the lumen of the artery 
causing impeded blood flow. If the impedance is severe 
enough, the patient may be required to undergo emergency 
coronary artery bypass graft surgery to prevent a heart 
attack. Further, the occurrence of restenosis may r<e- 
guire another angioplasty procedure. In order to avoid 
multiple angioplasty treatments performed at the same 
vessel area, techniques have been contemplated to prevent 
future restenosis from occurring at the treated vessel 
section. 

The most promising technique to date to prevent 
restenosis is the implantation of "stents" in the blood 
vessel at the position in the blood vessel where the 
balloon was inflated. A stent is a short tube, open at 
both ends, which presses firmly against the vessel wall 
to prevent restenosis from occurring. The stents are 
preferably implanted immediately after the balloon angio- 
plasty is completed and the balloon is removed. 

In addition to preventing restenosis in arteri- 
al vessels, stents may be used in the treatment of aorto- 
coronary saphenous vein graft stenosis. 

One of the earlier stents was constructed of 
stainless steel coil springs implanted in the vessel. C. 
T. Dotter in the September-October 1969 publication of 
Investigative Radiology reported the successful use of a 
bare stainless steel coil as a stent. When the coil was 
implanted, a layer of endothelium material naturally 
spread over the coil structure to form a tubular element. 
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This tubular element had the structural strength to pre- 
vent the vessel from occluding. 

With Dotter's disclosure came many improvements 
in the placement and structure of stents. One improve- 
ment was in having the stent conform more exactly to the 
shape of the vessel area. In particular, U.S. Patent No. 
4,503,569 by Dotter discloses a "shape memory" stent. 
The stent disclosed in this patent is made of nitinol, an 
alloy of titanium and nickel. The alloy is formed into a 
helical shape and is heated to a size which conforms to 
the size of the vessel. Once heated the nitinol memoriz- 
es the desired shape. Next the coil is wound tighter so 
as to allow for the coil to be easily placed at the ves- 
sel area by a catheter. Once at the vessel area the coil 
is heated by passing warm (115-125°F) saline solution 
through a catheter. The coil expands to its memorized 
size and the coil firmly presses against the vessel wall. 

Another example of a stent is the so-called 
Palmaz-Schatz stent described in the following articles: 
(1) "Expandable Intraluminal Vascular Graft: A Feasibi- 
lity Study;" (2) "Normal and Stenotic Renal Arteries : 
Experimental Balloon-expandable Intraluminal Stenting;" 
(3) "Balloon-expandable Intracoronary stents In The Adult 
Dog; "(4) "Atherosclerotic Rabbit Aortas: Expandable 
Intraluminal Grafting;" and (5) U.S. Patents Nos. 
4,739,726 and 4,776,337. In these articles and patents a 
balloon expandable stent is disclosed which relies on 
plastic deformation of metal beyond its elastic limit. 
Conseguently, once the metal is stretched beyond a cer- 
tain limit, it cannot collapse. 

The balloon expandable stent is first placed 
over a balloon of a balloon angioplasty device. The 
balloon and stent are then positioned at a vessel section 
experiencing stenosis. The balloon is expanded by fill- 
ing it with either a fluid or gas. The balloon is ex- 
panded until the stent presses against the vessel wall. 
The balloon is then deflated whereupon the stent remains 
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pressed against the vessel wall, because it has been ex- 
panded beyond its elastic limit. One problem with metal- 
lic expandable stents is that their insertion may result 
in arterial wall compliance mismatch which may lead to 
intimal hyperplasia. Another method of insertion is 
disclosed in WO 90/01969 by Slepian et al. where a cur- 
rent running through a wire may be used to heat the stent 
so as to expand it to a size such that it is attached to 
the vessel wall. 

With the increasing interest in the use of 
stents it is apparent that an ideal stent should have 
several properties. First, an ideal stent should be non- 
thrombogenic to both fibrin and platelets. Metal stents 
are inherently thrombogenic and attract platelets. Being 
thrombogenic, the use of such metal stents necessitates 
the use of drug therapies that may be required for an 
extensive time period until new endothelial cells have 
formed. One possible solution being employed is the 
coating of the metal stents with a polymer or by coating 
the metal with heparin. Furthermore, the polymer coating 
may contain a drug to be released in the blood stream. 
The release of drugs from a stent are disclosed, for 
example, in WO 90/01969 by Slepian et al. , EP 0292587 by 
Strecker, the article "Bioabsorbable Endovascular Stent 
Protheses" and the article " Intracoronary Stenting: 
Bailout or Bypass?" by Murphy et al. U.S. Patent No. 
4,713,402 also discloses a copolymer material with anti- 
thrombogenic and/or antimitotic drugs. U.S. Patent No. 
4,702,917 discloses a polymer structure having an inner 
reservoir containing a drug to be released through a 
copolymer structure encompassing the reservoir wherein 
the copolymer may consist of a capro lactone and another 
lactone. 

Second, the ideal stent should be biodegradable 
since it then would be located in the vessel for a limit- 
ed period of time. Though the metals used for stents are 
relatively inert the long term presence of a metal in the 
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vessel may lead to complications as of yet unknown. 
Also, the use of polymers to coat the metallic stent may 
not be without disadvantages. For example, the polymer 
PET (polyethylene pterephthalate) may lead to a negative 
reaction by the patient. Biodegradable materials con- 
sisting of copolymers of D,L-Lactide^and epsilon caprola- 
ctone are well known to be used in manufacturing gummy 
adhesives and self-supporting rigid objects for automo- 
biles, housing, appliances, household goods, and packag- 
ing as disclosed in U.S. Patents Nos:* 4,045,418 and 
4,057,537. 

It is well known to use biodegradable ureteral 
stents in EP 420 541 and Canadian Patent No. 2,025,626 
each by Goldberg et al. Such stents consist of a terpol- 
ymer of L(-) lactide, epsilon-caprolactone, and glycolide. 
It also discloses a copolymer of 85% L(-) lactide and 15% 
epsilon-caprolactone tested as a ureteral stent. Howev- 
er, the 85/15 copolymer does not possess adequate hoop 
strength to be used for a stent with a mesh structure 
and/or thin walls used to prevent restenosis in a blood 
vessel. 

In 1990, a bioabsorbable mesh stent was disclo- 
sed by Dr, Richard Stack in an abstract presented to the 
American Heart Association. The stent material used was 
self-expandable and composed of 100% L-Lactide. Self 
expanding stents of any kind however, have significant 
limitations. For example, if the stent is sized too 
large, it will stretch the artery and possibly damage the 
artery or cause intimal dissection. If the stent is 
undersized it may migrate in the vessel. Furthermore, EP 
420 541 discloses a biodegradable stent comprising a 
terpolymer of L-lactide, glycolide, and epsilon-caprolac- 
tone and the article "Bioabsorbable Endovascular Stent 
Prostheses" by Gammon et al. discloses a stent comprising 
a poly-L-lactide. 

An ideal stent must be easily delivered to the 
point of interest to prevent long delays in the proce- 
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dure* Metal stents are difficult to deliver, especially 
in distal lesions and in tortuous vessels, since they 
lack the maximum collapsibility and flexibility required. 
An ideal stent must be sufficiently flexible to be ex- 
panded to engage the vessel wall. 

Finally an ideal stent must have sufficient 
"hoop strength" to prevent elastic arterial wall recoil 
and to allow intimal dissections to be M tacked-up M or 
supported. 

Therefore, it is a primary objective of the 
present invention to provide a stent which is easily 
implantable, nonthrombogenic, bioabsorbable, which can be 
sized with a high degree of accuracy and has sufficient 
properties of flexibility and hoop strength to provide a 
viable stent. 

SUMMARY OP THE INVENTION 

To achieve this objective, the present inven- 
tion comprises a stent formed of a co-polymer material 
which has the properties of being biodegradable, biocom- 
patible, flexible, strong to ensure vessel patency. The 
co-polymer is advantageously biodegradable such that it 
is capable to only remain in the vessel as long as it is 
needed. Once the stent is no longer needed the stent 
would degrade. The co-polymer composition has material 
properties that allow it to be flexible at one stage of 
its placement and then to become strong at a later place- 
ment stage. These properties ensure ease in delivery of 
the stent and ensure the nonoccurrence of restenosis. 

Following traditional angioplasty, a novel 
method of inserting the stent is performed. First, the 
stent material is placed on the outside of an angioplasty 
balloon. Next, the balloon is inflated to press the 
stent material against the vessel wall while the stent is 
heated through the balloon catheter. After the stent has 
cooled down, the balloon is deflated. The stent material 
is released from the balloon and attaches to the vessel 
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wall after being expanded. The hoop strength of the 
stent on the vessel wall is of sufficient strength to 
prevent acute restenosis from occurring. 

In a preferred embodiment, the stent material 
may carry a time-released drug. Upon degradation, a drug 
carried by the stent can be released Jto the surrounding 
vessel wall to control processes such as mitosis, coagu- 
lation, and fibrinolysis. 

BRIEP DESCRIPTI ON OF TOE DRAWINGS 

FIG. 1 illustrates a preferred embodiment of 
the present invention in an uninflated stage positioned 
at a vessel section where the blood flow is impeded; 

FIG. 2 illustrates the embodiment of FIG. l in 
an inflated stage with the balloon catheter still pre- 
sent; 

FIG. 3 illustrates the embodiment of FIG. i 
with the balloon catheter deflated and removed from the 
vessel ; and 

FIG. 4 is a cross-section of the preferred 
embodiment of the balloon angioplasty device used to 
perform the stent implantation. 

DETAILED DESCRIPTION OF PRESENTLY 
PREFERRED EMBOD IMENTS OF THE INVENTION 

The present invention will now be described in 
more detail with reference to the Figures. Fig. l illus- 
trates the basic structure of a preferred embodiment of 
the device used to implant the stent. in Fig. i, a modi- 
fied angioplasty catheter 10 having a length of about 
135 cm and a diameter of about 1.5 mm is used. At one 
end is an opening 12 which receives a guide wire 14. As 
is well known, the guide wire is directed through the 
angioplasty device 10 until its distal end 16 projects 
through a distal opening 18 of the angioplasty device 10. 
The distal end 16 of the guide wire is then used to di- 
rect the angioplasty device to a constricted blood vessel 
section 20, such as an arterial lesion. 
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The angioplasty device 10 also comprises a 
balloon 22 made of a suitable material such as polyethyl- 
ene and having a length of about 2 cm. The balloon 22 
has placed on its exterior a stent 24 comprising a copol- 
ymer material and having a mesh design. The stent here 
is in a first unexpanded state. On either side of the 
balloon 22 and stent 24 are plastic ferrules 26 which 
prevent the stent 24 from moving off of the balloon 22. 
The preferred size of the ferrules 2 6 is 2 mm, although a 
range of from about 1.5 cm to about 2.5 cm may be suit- 
able. 

The polymer stent preferably comprises two 
polymers comprising a lactide and a caprolactone, namely: 
poly (L-lactide) (L-PLA) and poly (e -caprolactone) (CPL) . 
In a working example, the L-lactide (L-PLA) constitutes 
approximately 90-99% and caprolactone approximately 1-10% 
of the stent material. Preferably, the L-lactide (L-PLA) 
constitutes approximately 95% and caprolactone approxi- 
mately 5% of the stent material. In another working em- 
bodiment DL-lactide (DL-PLA) may be substituted for L- 
lactide in the copolymer described above. The choice of 
L- and DL-lactide with epsilon caprolactone is the result 
of combining the desirable hoop strength properties of L- 
and DL-lactide and the desired flexibility properties of 
epsilon caprolactone. Thus, the copolymer is able to be 
used as a stent with a mesh structure and/ or thin wall to 
prevent restenosis in a blood vessel. 

Monofilaments of both bioresorbable polymers 
for the stent may be fabricated by a conventional melt 
extrusion process using a piston and a spinneret. The 
process is performed at a temperature of approximately 
175-200° C for the 95/5% polymer combination and at 100°C 
for the DL-PLA polymer. A force of approximately 110 
pounds is placed on the piston which causes the extrusion 
of the DL-PLA polymer through the spinneret. A force of 
about 165-200 pounds is placed on the piston for the 
95/5% L-PLA polymer combination. The spinneret size can 
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be adjusted to the desired diameter. The resulting mono- 
filament fibers have a diameter of about 0.1-0.30 mm. 
The length of the fibers is determined by the size of the 
area of interest, the stent, and the mesh configuration. 
The fibers formed may be then tensile tested at ambient 
temperature. The fibers may then hea£ set by passing 
them through a heated tube having a length of about 3-4 
feet and diameter of about 0.5-1.0 inches, a suitable 
temperature for the heated tube is 45 °c at ambient pres- 
sure. . ' 

The heat setting step imparts some degree of 
permanence and dimensional stability to the fiber. Fi- 
nally, the fibers may be subjected to a headsetting step 
after deployment to make them pliable during balloon 
expansion. The heatsetting step involves heating a liq- 
uid to ambient temperature and then heating the liquid by 
a wire to 45° C as described later in the specification. 

This material is woven into a mesh of monofila- 
ments that range in diameter from approximately 0.1 mm to 
0.3 mm. on the deflated balloon, the stent is tightly 
wound around the angioplasty balloon, and the monofila- 
ments are about 0.1-2.0 mm apart depending on the diame- 
ter of the balloon used, the percent composition of the 
stent material, and the size of the vessel to be dilated. 
For example, the more epsilon caprolactone used the stent 
material becomes weaker but more flexible and the more L- 
and DL-lactide used the stent material becomes less flex- 
ible, consequently, to compensate for the effect of 
adding more epsilon caprolactone the stent is strength- 
ened by winding the monofilaments closer together and 
provide less air space between them. 

The mesh configuration is woven using a conven- 
tional textile process. The stent may also have other 
configurations such as a spiral. To place the stent on 
the balloon 22, the stent is heated until the transition 
temperature is reached and then the stent is cooled. 
Once cooled the stent material is then attached to the 
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balloon's exterior surface by winding it tightly around 
the deflated balloon. In this state, the stent retains 
its wound shape because the fiber is relatively rigid. 
In its wound shape the stent has an inside diameter rang- 
ing from approximately 0.025" to 0.080" and an outside 
diameter ranging from approximately 0.034" to 0.100" 
depending on the size of the deflated balloon to be used 
for a particular blood vessel. The fiber cannot move 
forward or backward due to the ferrules 26. The fibers 
elongate only when heated and stretched by the expanding 
balloon during balloon inflation with a heated liquid 
medium. When the stent is heated by the electric wire, 
the stent will expand to the same size as the expanded 
balloon. The size of the balloon can be controlled by 
the liquid medium injected into the balloon under pres- 
sure. Preferably, the balloon has a cylindrical-like 
shape when expanded with a range of lengths from approxi- 
mately 2 cm to 4 cm and a range of diameters from approx- 
imately 0.25 cm to 0.80 cm depending on the size of the 
vessel to be dilated. 

In addition to the guide wire 14, the angio- 
plasty device 10 contains an electric wire 28. A suit- 
able wire is formed of a conducting material such as 
copper and preferably having a length of approximately 
200 cm and a diameter ranging from about 0.006 to 
0.010 cm. The electric wire 28 is connected at one end 
to an electrical power device 30, such as a battery. The 
voltage of the power device 30 is preferably in a range 
from approximately 4.5 volts to 10 volts so to produce a 
current ranging from approximately 1.0 to 2.0 amperes. 
The electrical wire 28 is inserted into the angioplasty 
device 10 at a side opening 32. The wire is directed 
parallel to the guide wire and its distal end is present 
in the balloon 22. The electrical wire is insulated from 
the electrical power source 3 0 to just before entering 
the balloon 22. That part of the electrical wire 28 
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present in the balloon 22 is not insulated so that it can 
act as a heating element in the balloon 22. 

Once the angioplasty device is positioned at 
the restricted region 20 as illustrated in Fig. 1, the 
balloon 22 and stent 24 are expanded to a second state so 
as to press closely against the vessel wall thus opening 
up the restricted area in the process. Expansion is 
achieved by first injecting a contrast material into the 
balloon to inflate the balloon and then running a current 
through the electrical wire 28 to heat the contrast mate- 
rial. The use of contrast material enables the physician 
to track and position the balloon. A preferred contrast 
material is available under the tradename of Hypaque and 
the material may be mixed with a saline solution to pro- 
duce a 50% contrast/50% saline injection material. The 
current then heats up the liquid injection material to a 
temperature of 45°C which in turn heats up the polymer 
stent making it more pliable. 

Other alternatives for heating the stent in- 
clude embedding a fine wire in the balloon material, 
ultrasound, or laser heating. Furthermore, the contrast 
medium may be heated inside the balloon by a continuous 
system available from the Mansfield Company . The contin- 
uous system has the contrast medium injected under pres- 
sure through the catheter, into the balloon, and out of 
the balloon through a separate port which comes back into 
the proximal end of the catheter and is bled out of the 
balloon. Thus, a continuous column of heated contrast 
material is formed. 

As discussed, the stent is heated by warm con- 
trast medium injected into the balloon. The co-polymer 
is more pliable during heating allowing expansion of the 
stent. After cooling of the stent by convection to body 
temperature, the stent once again becomes more rigid and 
remains permanently in this second expanded state allow- 
ing adequate hoop strength to maintain the patency of the 
vascular structure as shown in FIG . 2 . 
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Once the stent is expanded against the vessel 
wall, the balloon collapses leaving the stent pressing 
against the vessel wall. The angioplasty device is then 
removed from the formerly restricted vessel area as shown 
in Fig. 3. Once in place the stent prevents acute reste- 
nosis from occurring. 

In another preferred embodiment, pharmacologic 
agents may be incorporated in the stent through micro- 
encapsulation and/or adsorption. Possible drugs contem- 
plated are anti-mitotic agents, anticoagulants, anti- 
growth factors, fibrinolytic agents, anti-platelet 
agents, anti-oxidant agents, lipid lowering agents, 
and/ or steroids. 

If, during deployment into the vascular struc- 
ture, the stent is found to be easily dislodged from the 
balloon over the ferrules 26, a thin plastic sheath may 
be placed over the entire catheter device, including the 
balloon and stent. The sheath acts as a protective bar- 
rier that would hold the stent in place. Once the stent 
and balloon have been placed across the previously dilat- 
ed arterial lesion, the sheath is withdrawn proximally, 
thus exposing the stent and balloon. The stent can then 
be heated and expanded as previously described. A simi- 
lar device is presently in use with self-expanding metal 
stents • 

The angioplasty device used in Figs. 1-3 is 
similar to those used in standard balloon catheter sys- 
tems except it employs a larger lumen to house the guide 
wire. The guide wire lumen enables one to infuse oxygen- 
ated blood through it while the balloon is inflated and 
the wire is removed. This allows for longer inflations 
since the artery is occluded during balloon inflations. 
As shown in the cross-sectional view of the catheter of 
Fig. 4, the catheter has a second lumen 36 which is larg- 
er in size than lumen 34. Lumen 36 is preferably a half- 
cylindrical in shape. Second lumen 36 is not coaxial 
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with the f irst lumen 34 so that each enclose separate 
areas of the catheter. 

Lumen 36 contains the insulated electrical wire 
28 and is connected to the balloon 22. Lumen 34 contains 
guide wire 14 and is used to transport contrast material 
from outside the body to the balloon 22. 

While the invention has been described with 
relation to certain presently preferred embodiments 7 
those with skill in this art will recognize other modifi- 
cations of the invention which will still fall within the 
scope of the invention, as expressed in the accompanying 
claims. For example the described stent device and 
implantation process may be used to ensure patency of 
other anatomical vessels such as urinary, reproductive, 
venous, or respiratory tubular structures. 
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I CLAIM: 

1. A stent having sufficient hoop strength and 
flexibility to prevent occlusion of an area of a blood 
vessel comprising: 

a tube in the shat of a mesh and having a 
first end and a second end are the distance between the 
first and second ends is sufficient to overlap said area 
of said blood vessel; 

the tube comprising a lactide and a caprolac- 
tone and having a first unexpanded state and expandable 
to a second state upon heating and then cooling the tube 
while in the second state. 

2. The stent of Claim 1, wherein the lactide com- 
prises L-laptide. 

3. The stent of Claim 1, wherein the lactide com- 
prises DL-lactide. 

4 . The stent of Claim 2 , wherein the stent com- 
prises approximately 90-99% L-lactide and 1-10% capro- 
lactone . 

5. The stent of Claim 4, wherein the stent com- 
prises approximately 95% L-lactide and 5% capro lactone. 

6. The stent of Claim 1, wherein said caprolactone 
comprises epsilon caprolactone. 

7. The stent of Claim 2, wherein said caprolactone 
comprises epsilon caprolactone. 

8. The stent of Claim 4, wherein said caprolactone 
comprises epsilon caprolactone. 
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9. The stent of Claim 5, wherein said caprolactone 
comprises epsilon caprolactone. 

10. The stent of Claim 3, wherein the stent com- 
prises approximately 90-99% DL-lactide and 1-10% capro- 
lactone. • 

11. The stent of Claim 10, wherein the stent com- 
prises approximately 95% DL-lactide and 5% caprolactone. 

12. The stent of Claim 3, wherein said caprolactone 
comprises epsilon caprolactone. 

13. The stent of Claim 10 , wherein said caprolac- 
tone comprises epsilon caprolactone. 

14. The stent of Claim 11/ wherein said caprola- 
ctone comprises epsilon caprolactone. 

15. A stent delivery catheter employing a stent 
having sufficient hoop strength and flexibility to pre- 
vent occlusion of an area of a blood vessel comprising: 

a catheter tube; 

an inflatable balloon disposed on the distal 
end of the catheter tube; 

the catheter tube having an inflation lumen for 
providing inflation pressure to the balloon to expand the 
balloon to predetermined size; 

a heating element for heating the balloon; and 

a stent comprising a tube having a first end 
and a second end where the distance between said first 
and second ends is sufficient to overlap said area of 
said blood vessel, the tube having a mesh shape and com- 
prising a co-polymer of a lactide and a caprolactone and 
having a first unexpanded state and expandable to a sec- 
ond state upon heating and then cooling the tube while in 
the second state. 
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16. The stent delivery catheter of claim 15 , where- 
in said electrical wire is situated inside said lumen. 

17. The stent delivery catheter of claim 15 , where- 
in the heating element comprises an electrical wire con- 
nected to a power source. 

18. The stent delivery catheter of claim 15, fur- 
ther comprising a guide wire. 

19. The stent of Claim 15 , wherein the lactide com* 
prises L-lactide. 

20. The stent of Claim 15 , wherein the lactide com- 
prises DL-lactide. 

21^ The stent of Claim 19 , wherein the stent com- 
prises approximately 90-99% L-lactide and 1-10% capro- 
lactone. 

22. The stent of Claim 21, wherein the stent com- 
prises approximately 95% L-lactide and 5% caprolactone. 

23. The stent of Claim 15, wherein said caprolac- 
tone comprises epsilon caprolactone. 

24. The stent of Claim 19, wherein said caprolac- 
tone comprises epsilon caprolactone. 

25. The stent of Claim 21, wherein said caprolac- 
tone comprises epsilon caprolactone. 

26. The stent of Claim 22, wherein said caprolac- 
tone comprises epsilon caprolactone. 
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27. The stent of Claim 20 , wherein the stent com- 
prises approximately 90-99% DL-lactide and 1-10% capro- 
lactone. 

28. The stent of Claim 27, wherein the stent com- 
prises approximately 95% DL-lactide agiti 5% caprolactone 

29. The stent of Claim 20, wherein said caprolac- 
tone comprises epsilon caprolactone. 

30. The stent of Claim 27, wherein said caprola- 
ctone comprises epsilon caprolactone. 

31. The stent of Claim 28, wherein said caprola- 
ctone comprises epsilon caprolactone. 
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AMENDED CLAIMS 

[received by the International Bureau on 10 August 1993 (10.08.93); 
original claims 1,4, 10 and 15 amended; remaining claims unchanged (4 pages)] 

1. A stent having sufficient hoop strength and 
flexibility to prevent occlusion of an area of a blood 
vessel comprising: 

a tube having a first end and a second end 
where the distance between the' first and second ends is 
sufficient to overlap said area of said blood vessel; 

the tube comprising-a lactide* and a caprolac- 
tone and having a first unexpanded state and expandable 
to a second state upon heating and then cooling the tube 
while in the second state. 

2. The stent of Claim 1, wherein the lactide com- 
prises L-lactide. 

3. The stent of Claim 1, wherein the lactide com- 
prises DL-lactide. 

4. A stent having sufficient hoop strength and 
flexibility to prevent occlusion of an area of a blood 
vessel comprising: 

a tube having a first end and a second end 
where the distance between the first and second ends is 
sufficient to overlap said area of said blood vessel; and 

the tube comprising approximately 90-99% 
L-lactide and 1-10% caprolactone. 

5. The stent of Claim 4, wherein the stent com- 
prises approximately 95% L-lactide and 5% caprolactone, 

6. The stent of Claim 1, wherein said caprolactone 
comprises epsilon caprolactone. 

7. The stent of Claim 2, wherein said caprolactone 
comprises epsilon caprolactone. 
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8. The stent of Claim 4, wherein said caprolactone 
comprises epsilon caprolactone. 

9. The stent of Claim 5/ wherein said caprolactone 
comprises epsilon caprolactone. 

10. A stent having sufficient hoop strength and 
flexibility to prevent occlusion of an area of a blood 
vessel comprising: 

a tube having a first end and a second end 
where the distance between the first and second ends is 
sufficient to overlap said area of said blood vessel; and 

the tube comprising approximately 90-99% 
DL-lactide and 1-10% caprolactone. 

11. The stent of Claim 10, wherein the stent com- 
prises approximately 95% DL-lactide and 5% caprolactone. 

12. The stent of Claim 3, wherein said caprolactone 
comprises epsilon caprolactone. 

13. The stent of Claim 10, wherein said caprolac- 
tone comprises epsilon caprolactone. 

14. The stent of Claim 11/ wherein said caprola- 
ctone comprises epsilon caprolactone. 

15. A stent delivery catheter employing a stent 
having sufficient hoop strength and flexibility to pre- 
vent occlusion of an area of a blood vessel comprising: 

a catheter tube; 

an inflatable balloon disposed on the distal 
end of the catheter tube; 

the catheter tube having an inflation lumen for 
providing inflation pressure to the balloon to expand the 
balloon to a predetermined size; 

a heating element for heating the balloon; and 
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a stent comprising a tube having a first end 
and a second end where the distance between said first 
and second ends is sufficient to overlap said area of 
said blood vessel/ the tube comprising a co-polymer of a 
lactide and a caprolactone and having a first unexpanded 
state and expandable to a second state upon heating and 
then cooling the tube while in the second state. 

16. The stent delivery catheter of claim 15, where- 
in said electrical wire is situated inside said lumen. 

17. The stent delivery catheter of claim 15, where- 
in the heating element comprises an electrical wire con- 
nected to a power source. 

18. The stent delivery catheter of claim 15, fur- 
ther comprising a guide wire. 

19. The stent of Claim 15, wherein the lactide com- 
prises L-lactide. 

20. The stent of Claim 15, wherein the lactide com- 
prises DL-lactide. 

21. The stent of Claim 19, wherein the stent com- 
prises approximately 90-99% L-lactide and 1-10% capro- 
lactone . 

22. The stent of Claim 21, wherein the stent com- 
prises approximately 95% L-lactide and 5% caprolactone. 

23. The stent of Claim 15, wherein said caprolac- 
tone comprises epsilon caprolactone. 

24. The stent of Claim 19, wherein said caprolac- 
tone comprises epsilon caprolactone. 



NSDOCID: <WO _ 93 1 5787A 1 J A> 



WO 93/15787 



22 



PCI7US93/01297 



25. The stent of Claim 21, wherein said caprolac- 
tone comprises epsilon caprolactone . 

26. The stent of Claim 22, wherein said caprolac- 
tone comprises epsilon caprolactone. 

27. The stent of Claim 20, wherein the stent com- 
prises approximately 90-99% DL-lactide and 1-10% capro- 
lactone. 

28. The stent of Claim 27, wherein the stent com- 
prises approximately 95% DL-lactide and 5% caprolactone. 

29. The stent of Claim 20, wherein said caprolac- 
tone comprises epsilon caprolactone. 

30. The stent of Claim 27, wherein said caprola- 
ctone comprises epsilon caprolactone. 

31. The stent of Claim 28, wherein said caprola- 
ctone comprises epsilon caprolactone. 



MSDOCID: <WO 9315787A1_IA> 



23 

PCI7US93/01297 

i STATEMENT UNDER ARTICLE 19 

In the Search Report mailed June 18, 1993, 
claims 1, 2, 6, and 7 were indicated to lack novelty in 
view of Goldberg et aL Claims 3 and 12 were indicated 
to lack an inventive step in view of Goldberg et al. and 
Dunn et al. Claims 4, 5, 8-11, and 13-31 were indicated 
to be novel and contain an inventive step. 

Applicant traverses theif indings of the search 
report. In particular, Applicant traverses the finding 
that claims 1, 2, 6, and 7 lack novelty in view of Gold- 
berg et al. in view of the present amendment of claim 1. 
Goldberg et al. is directed to a biodegradable ureteral 
stent and not a stent "having sufficient hoop strength 
and flexibility to prevent occlusion of an area of a 
blood vessel ..." as cited in amended claim 1. It is 
well known that the ureteral and blood vessel environ- 
ments are sufficiently different that the hoop strength 
and flexibility needed for a ureteral stent is necessari- 
ly different than the strength and flexibility needed for 
a stent for a blood vessel. Based on this observation, 
it is Applicant's position that Goldberg et al.'s ureter- 
al stent does not have the same hoop strength and flexi- 
bility as claimed. Accordingly, claims 1, 2, 6, and 7 as 
amended are novel in view of Goldberg et al. 

Furthermore, there is no motivation in Goldberg 
et al. to alter the ureteral stent's hoop strength and 
flexibility to values needed to prevent occlusion of a 
blood vessel. Thus, claims 1, 2, 6, and 7 as amended 
contain an inventive step as well. 

Claims 3 and 12 were found to lack an inventive 
step in view of Goldberg et al. and Dunn et al. Claims 3 
and 12 depend either directly or indirectly on amended 
claim 1, and, thus, should be found to contain an inven- 
tive step for at least the same reasons amended claim 1 
contains an inventive step as argued above. In addition, 
there is no motivation to combine Dunn et al.'s composi- 
tion with Goldberg et al.'s stent. In particular, Dunn 
et al. is directed to a liquid biodegradable material 
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which is injected into an animal via a syringe and forms 
a solid implant inside the animal. In contrast, Goldberg 
et al.'s stent is not injected via a syringe. Thus, 
there is no motivation to replace Goldberg et al.'s stent 
material with the liquid material of Dunn et al. Conse- 
quently, claims 3 and 12 contain an inventive step is 
incorrect and should be withdrawn. . ^, 

In view of the finding that claims 4 and 10 are 
novel and contain an inventive step, claims 4 and 10 have 
been amended to include all of the limitations of the 
base claim and any intervening claims. ' Accordingly, 
claims 4 and 10 are novel and contain an inventive step. 
Furthermore, claims 5, 8, 9, 11, 13, and 14 depend di- 
rectly or indirectly on claims 4 and 10 and are novel and 
contain an inventive step as well. 

Please date stamp and return the enclosed copy 
of this letter as acknowledgement of receipt of this re- 
quest. 
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(54) Title: BIODEGRADABLE STENT 




(57) Abstract 

A stent (24) made of a biodegradable copolymer is applied to the exterior surface of an angioplasty balloon (22). Upon be- 
ing positioned at a restricted vessel section (20) a contrast fluid present in the balloon (22) is heated which results in the stent (24) 
being heated. Heating the stent (24) and expanding the angioplasty balloon (22) allows the stent (24) to expand so that it presses 
against the vessel wall. The balloon (22) is then collapsed leaving the stent (24) in position. 
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AMENDED CLAIMS 
| received by the International Bureau on 10 August 1993 (10.08.93); 
original claims 1,4, 10 and 15 amended; remaining claims unchanged (4 pages)] 

1. A stent having sufficient hoop strength and 
flexibility to prevent occlusion of an area of a blood 
vessel comprising: 

a tube having a first end and a c second end 
where the distance between the first and second ends is 
sufficient to overlap said area of said blood vessel; 

the tube comprising a lactide and a caprolac- 
tone and having a first unexpanded state and expandable 
to a second state upon heating and then cooling the tube 
while in the second state. 

2. The stent of Claim 1, wherein the lactide com- 
prises L-lactide. 

3. The stent of Claim 1, wherein the lactide com* 
prises DL-lactide. 

4. A stent having sufficient hoop strength and 
flexibility to prevent occlusion of an area of a blood 
vessel comprising: 

a tube having a first end and a second end 
where the distance between the first and second ends is 
sufficient to overlap said area of said blood vessel; and 

the tube comprising approximately 90*99% 
L-lactide and 1-10% caprolactone. 

5. The stent of Claim 4, wherein the stent com- 
prises approximately 95% L-lactide and 5% caprolactone. 

6. The stent of Claim 1, wherein said caprolactone 
comprises epsilon caprolactone. 

7. The stent of Claim 2, wherein said caprolactone 
comprises epsilon caprolactone. 
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8. The stent of Claim 4, wherein said caprolactone 
comprises epsilon caprolactone. 

9. The stent of Claim 5, wherein said caprolactone 
comprises epsilon caprolactone. 

10. A stent having sufficient hoop strength and 
flexibility to prevent occlusion of an area of a blood 
vessel comprising: 

a tube having a first end and a second end 
where the distance between the first and second ends is 
sufficient to overlap said area of said blood vessel; and 

the tube comprising approximately 90-99% 
DL-lactlde and 1-10% caprolactone. 

11. The stent of Claim 10, wherein the stent com- 
prises approximately 95% DL-iactide and 5% caprolactone. 

12. The stent of Claim 3, wherein said caprolactone 
comprises epsilon caprolactone. 

13. The stent of Claim 10, wherein said caprolac- 
tone comprises epsilon caprolactone. 

14. The stent of Claim 11, wherein said caprola- 
ctone comprises epsilon caprolactone. 

15. A stent delivery catheter employing a stent 
having sufficient hoop strength and flexibility to pre- 
vent occlusion of an area of a blood vessel comprising: 

a catheter tube; 

an inflatable balloon disposed on the distal 
end of the catheter tube; 

the catheter tube having an inflation lumen for 
providing inflation pressure to the balloon to expand the 
balloon to a predetermined size; 

a heating element for heating the balloon; and 
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a stent comprising a tube having a first end 
and a second end where the distance between said first 
and second ends is sufficient to overlap said area of 
said blood vessel, the tube comprising a co-polymer of a 
lactlde and a caprolactone and having a first unexpanded 
state and expandable to a second state "upon heating and 
then cooling the tube while in the second state. 

16* The stent delivery catheter qf claim 15, where- 
in said electrical wire is situated inside said lumen. 

17. The stent delivery catheter of claim 15, where- 
in the heating element comprises an electrical wire con- 
nected to a power source. 

18. The stent delivery catheter of claim 15, fur- 
ther comprising a guide wire. 

19. The stent of Claim 15, wherein the lactlde com- 
prises L-lactide. 

20. The stent of Claim 15, wherein the lactlde com- 
prises DL-lactide. 

21. The stent of Claim 19, wherein the stent com- 
prises approximately 90-99% L-lactide and 1-10% capro- 
lactone. 

22. The stent of Claim 21, wherein the stent com- 
prises approximately 95% L-lactide and 5% caprolactone. 

23. The stent of Claim 15, wherein said caprolac- 
tone comprises epsilon caprolactone. 

24. The stent of Claim 19, wherein said caprolac- 
tone comprises epsilon caprolactone. 
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25. The stent of Claim 21, wherein said caprolac- 
tone comprises epsilon caprolactone. 

26. The stent of Claim 22, wherein said caprolac- 
tone comprises epsilon caprolactone. 

27. The stent of Claim 20, wherein the stent com- 
prises approximately 90-99% DL-lactide and 1-10% capro- 
lactone. 

28. The stent of Claim 27, wherein the stent com- 
prises approximately 95% DL-lactide and 5% caprolactone. 

29. The stent of Claim 20, wherein said caprolac- 
tone comprises epsilon caprolactone. 

30. The stent of Claim 27, wherein said caprola- 
ctone comprises epsilon caprolactone. 

31. The stent of Claim 28, wherein said caprola- 
ctone comprises epsilon caprolactone . 
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STATEMENT UNDER ARTICLE 19 

In the Search Report mailed June 18, 1993, 
claims 1, 2, 6, and 7 were indicated to lack novelty in 
view of Goldberg et al. Claims 3 and 12 were indicated 
to lack an inventive step in view of Goldberg et al. and 
Dunn et al. Claims 4, 5, 8-11, and 13-31 were indicated 
to be novel and contain an inventive step. 

Applicant traverses the findings of the search 
report. In particular, Applicant traverses the finding 
that claims 1, 2, 6, and 7 lack novelty in view of Gold- 
berg et al. in view of the present amendment of claim 1. 
Goldberg et al. is directed to a biodegradable ureteral 
stent and not a stent "having sufficient hoop strength 
and flexibility to prevent occlusion of an area of a 
blood vessel ..." as cited in amended claim 1 . It is 
well known that the ureteral and blood vessel environ- 
ments are sufficiently different that the hoop strength 
and flexibility needed for a ureteral stent is necessari- 
ly different than the strength and flexibility needed for 
a stent for a blood vessel. Based on this observation, 
it is Applicant's position that Goldberg et al.'s ureter- 
al stent does not have the same hoop strength and flexi- 
bility as claimed. Accordingly, claims 1, 2, 6, and 7 as 
amended are novel in view of Goldberg et al. 

Furthermore, there is no motivation in Goldberg 
et al. to alter the ureteral stent's hoop strength and 
flexibility to values needed to prevent occlusion of a 
blood vessel. Thus, claims 1, 2, 6, and 7 as amended 
contain an inventive step as well. 

Claims 3 and 12 were found to lack an inventive 
step in view of Goldberg et al. and Dunn et al. Claims 3 
and 12 depend either directly or indirectly on amended 
claim 1, and, thus, should be found to contain an inven- 
tive step for at least the same reasons amended claim 1 
contains an inventive step as argued above. In addition, 
there is no motivation to combine Dunn et al.'s composi- 
tion with Goldberg et al.'s stent. In particular, Dunn 
et al. is directed to a llould biodegradable material 
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which is injected into an animal via a syringe and forms 
a solid implant inside the animal. In contrast # Goldberg 
et al.'s stent is not injected via a syringe. Thus, 
there is no motivation to replace Goldberg et al.'s stent 
material with the liquid material of Dunn et al . Conse- 
quently , claims 3 and 12 contain an inventive step is 
incorrect and should be withdrawn. 

In view of the finding that claims 4 and 10 are 
novel and contain an inventive step, claims 4 and 10 have 
been amended to include all of the limitations of the 
base claim and any intervening claims. Accordingly, 
claims 4 and 10 are novel and contain an inventive step. 
Furthermore, claims 5, 8, 9, 11, 13, and 14 depend di- 
rectly or indirectly on claims 4 and 10 and are novel and 
contain an inventive step as well. 

Please date stamp and return the enclosed copy 
of this letter as acknowledgement of receipt of this re- 
quest . 
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